Oligonucleotides containing CpG motifs and immunomodulatory oligonucleotides (IMO) containing a synthetic immunostimulatory dinucleotide and a novel DNA structure have been suggested to have potential for the treatment of various human diseases. In the present study, a newly designed IMO was evaluated in several models of human (MCF-7 and BT474 xenograft) and murine (4T1 syngeneic) breast cancer. Pharmacokinetics studies of the IMO administered by s.c., i.v., p.o., or i.p. routes were also accomplished. The IMO was widely distributed to various tissues by all four routes, with s.c. administration yielding the highest concentration in tumor tissue. The IMO inhibited the growth of tumors in all three models of breast cancer, with the lowest dose of the IMO inhibiting MCF-7 xenograft tumor growth by >40%. Combining the IMO with the anticancer antibody, Herceptin, led to potent antitumor effects, resulting in >96% inhibition of tumor growth. The IMO also exerted in vitro antitumor activity, as measured by cell growth, apoptosis, and proliferation assays in the presence of Lipofectin. This is the first report of the pharmacokinetics of this agent in normal and tumor-bearing mice. Based on the present results, we believe that the IMO is a good candidate for clinical development for breast cancer therapy used either alone or in combination with conventional cancer therapeutic agents.
Introduction
It is estimated that almost 41,000 women in the United States will die from breast cancer this year (1) . One in eight American women will develop the disease at some point during their life (2) . Although early detection of breast cancer has improved both through advances in technology and through better education, the mortality rate has dropped only slightly in the past few years (3) . There have also been some improvements in the treatment of breast cancer and prevention of recurrence through use of antiestrogens, such as tamoxifen. These drugs have provided new hope for patients, but their use can result in an increase in other types of cancer, such as uterine cancer, and long-term treatment can lead to resistance (4, 5) . New therapies are urgently needed to make an impact on the survival of patients. Immunotherapy has great potential for the treatment of breast cancer, with monoclonal antibodies already being used in the clinic (6) .
As one of the novel immunotherapy approaches, oligonucleotides containing CpG motifs have attracted intensive investigations. As early as the 1980s, it was known that certain DNA sequences and synthetic oligonucleotides could induce type 1 IFNs and natural killer cell activity, and had antitumor activity (7 -10) . These activities of bacterial and synthetic DNA are related to the presence of unmethylated CpG motifs within their sequences. CpG DNA acts as a pathogen-associated molecular pattern molecule, mimicking a bacterial infection, and is recognized by Toll-like receptor 9 (TLR9; refs. 11, 12) . Recognition of CpG DNA by TLR9 activates a signaling cascade leading to the activation of NF-nB and activator protein-1 pathways (13) . This immune stimulation results in the production of cytokines and chemokines, which increase B-cell proliferation, macrophage activation, natural killer cell activity, and dendritic cell maturation, differentiation, and migration (14 -19) . CpG DNA has shown efficacy in the treatment of cancer and various other diseases (20 -24) . Several potential mechanisms of anticancer action exist. These include the enhancement of immune surveillance, a decrease in tumor anergy, and changes in the tumor microenvironment (25) .
There is ample evidence supporting a structure-activity relationship for immunostimulatory and immunomodulatory oligonucleotides (IMO; 26 -36) . The presence of a CpG dinucleotide results in immune system stimulation (26, 27, 32) . However, the sequences flanking the dinucleotide, the accessibility to the 5 ¶ end, and the presence of secondary structures also play a role (28 -31) . Moreover, recent studies have shown that TLR9 exhibits nucleotide motif recognition patterns and recognizes synthetic immunostimulatory dinucleotide motifs (32 -34, 36) . Agonists of TLR9-containing synthetic immunostimulatory motifs and novel DNA structures, called immunostimulatory oligonucleotides (IMO), have recently been reported. IMOs induce potent immune responses distinct from those induced by natural CpG-containing DNA (32 -37) .
We and others have previously shown that IMOs and CpG-containing oligonucleotides have antitumor effects against several different models of human cancer, including glioma, leukemia, sarcoma, and various other cancers (36 -42) . Because new therapeutic approaches for breast cancer are urgently needed and the IMO has been shown to have anticancer effects, we decided to evaluate whether it could be used as a new strategy for breast cancer therapy. Two human breast cancer cell lines were examined for effects on cell growth, proliferation, and apoptosis following exposure to the IMO. The best means for administration of the IMOs to optimize their therapeutic efficacy is also largely unknown; in the present study, we examined the pharmacokinetics and antitumor activity of an IMO containing a synthetic stimulatory motif (CpR, R is 2 ¶-deoxy-7-deazaguanosine) and 3 ¶-3 ¶-linked DNA structure (32, 33, 43) in models of breast cancer. The 3 ¶-3 ¶-linked DNA structure increases the efficacy and the nuclease stability of the oligonucleotide, allowing it to remain in the bloodstream and tissues for a longer time than traditional oligonucleotides (29, 30, 43 ). An oligonucleotide with a similar structure but lacking an immunostimulatory dinucleotide motif was used as a control.
Materials and Methods
IMOs and Reagents IMO, 5 ¶-TCTGTCRTTCT-X-TCTTRCTGTCT-5 ¶; 35 S-IMO (specific activity, 213 ACi/mg); and a control nonstimulatory IMO, 5 ¶-TCTCACCTTCT-X-TCTTCCACTCT-5 ¶ (where R and X stand for 2 ¶-deoxy-7-deazaguanosine and a glycerol linker, respectively) with phosphorothioate backbones, were synthesized, purified, and analyzed as previously reported (44) . The purity of the IMO was shown to be >90% by capillary gel electrophoresis and PAGE analyses, with the remainder being n-1 and n-2 products. The integrity of internucleotide linkages and molecular mass were confirmed by 31 P nuclear magnetic resonance and matrix-assisted laser desorption/ionization -time of flight mass spectrophotometric analysis. The IMO and control oligonucleotide contained <0.2 EU/mL of endotoxin as determined by the Limulus assay (BioWhittaker, Inc., Walkersville, MD).
All chemicals and solvents were of the highest analytic grade available. Cell culture medium, fetal bovine serum, PBS, sodium pyruvate, nonessential amino acids, penicillin-streptomycin, and other cell culture supplies were Tumor Models Human cancer xenograft models were established using methods reported previously (44 -46) . When confluence reached 80%, cultured BT474 or 4T1 cells were harvested from the monolayer cultures, washed with serum-free medium, and resuspended at a ratio of 3:1 in the same medium with Matrigel basement membrane matrix, then injected s.c. (5 Â 10 6 cells, total volume 0.2 mL) into the left inguinal area of nude mice (BT474) or BALB/c mice (4T1). To establish MCF-7 human breast cancer xenografts, each of the female nude mice was implanted with a 60-day s.c. slow release estrogen pellet (SE-121, 1.7 mg 17h-estradiol/ pellet; Innovative Research of America, Sarasota, FL). Cultured MCF-7 cells were harvested from monolayer cultures, washed twice with serum-free medium, resuspended, and injected s.c. (5 Â 10 6 cells, total volume 0.2 mL) into the left inguinal area of the mice. All animals were monitored for activity, physical condition, body weight, and tumor growth. Tumor size was determined by caliper measurement in two perpendicular diameters of the implant every other day. Tumor weight (in grams) was calculated by the formula, 1/2a Â b 2 , where a is the long diameter and b is the short diameter (in centimeters).
In vivo Treatment with the IMO Alone or in Combination with Herceptin
The animals bearing human cancer xenografts were randomly divided into various treatment groups and a control group (5 -10 mice/group). The untreated control group received physiologic saline (0.9% NaCl) only. The IMO dissolved in physiologic saline (0.9% NaCl) was administered by s.c. injection at doses of 0.5 or 1 mg/kg/d, three doses per week. The treatment schedule was as follows. For the MCF7 model, the IMO or the control oligonucleotide was administered by s.c. injection at a dose of 0.5 mg/kg three doses per week for 2 weeks when animals were observed to have established tumors of f60 mg. For the BT474 model, the IMO or the control oligonucleotide were administered by s.c. injection at a dose of 1 mg/kg when established tumors were noted (tumor mass of f90 mg, 1 week after cell injection), three doses per week for 6 weeks. Herceptin was administered i.p. at a dose of 1 mg/kg on days 4, 11, 18, and 25. For the 4T1 model, animals bearing 4T1 tumors were treated with 1 mg/kg of the IMO or the control oligonucleotide thrice per week for 2 weeks once established (f110 mg) tumors were present. Treatment was started at different tumor sizes for the different models to ensure that the xenograft tumors were well established and in the exponential growth phase.
Tissue Distribution of the IMO following Various Routes of Administration
Tissue distribution studies were accomplished using a protocol similar to that previously described (44) with mice in metabolism cages. An [
35 S]-IMO (2 mg/kg, 2 ACi/mouse) was administered to CD-1 mice or nude mice bearing MCF7 xenografts (three animals for each time point) at a single dose of 2 mg/kg by various routes: s.c., i.v., p.o., or i.p. Blood and tissue samples were collected in heparinized tubes at 1, 4, and 24 hours after dosing. Plasma was separated by centrifugation at 20,000 Â g for 5 minutes. Tissues, including the liver, kidneys, heart, lung, spleen, brain, and tumor, were taken at various times and immediately blotted on Whatman no. 1 filter paper, trimmed of extraneous fat and connective tissue, weighed, and homogenized in physiologic saline (0.9% NaCl; 5 mL/g wet weight). The resulting homogenates were stored at À70jC until further analysis. The total radioactivity of IMO in tissues and body fluids was determined by liquid scintillation spectrometry (LS 6000T A; Beckman, Irvine, CA), using a method described previously (46) . In brief, plasma samples (50 AL) were mixed with 5 mL of scintillation solvent (Beckman). Tissue homogenates (50 -200 AL) were mixed with 200 AL solubilizer (TS-2) overnight, neutralized with 400 AL of 0.3% acetic acid, and then mixed with scintillation solvent (5 mL) before analysis. The radioactivity was quantified in triplicate for each sample and the levels of radioactivity-derived IMO in biological fluids and tissues were expressed as means F SE of the results from at least three animals for each time point.
Determination of Cell Survival In vitro
The percentage of cell survival was determined by using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay as previously reported (45, 46) . MCF-7
and MDA-MB-468 cells were grown in 96-well plates and exposed for 48 hours to the IMO or control oligonucleotide (0, 1, 5, 10, 50, and 100 nmol/L) with or without Lipofectin (Life Technologies; Gaithersburg, MD; 7 Ag/mL). The percentage of cell survival was calculated by dividing the mean absorbance of wells containing treated cells by that of untreated control wells.
Detection of Apoptosis IMO-treated and control oligonucleotide-treated and untreated control cells in early and late stages of apoptosis were detected using an Annexin V-FITC apoptosis detection kit from BioVision (Mountain View, CA; refs. 45, 46) . Cells were transfected with the IMO (100 nmol/L) or the control oligonucleotide (100 nmol/L) with or without Lipofectin and incubated for 24 hours before analysis. Media and cells were collected and washed with serum-free medium. Cells that were positive for Annexin V -FITC alone (early apoptosis) and Annexin V -FITC and propidium iodide (late apoptosis) were counted, and the apoptotic index was calculated.
Evaluation of Cell Proliferation Proliferation was evaluated using a cell proliferation kit from Oncogene (La Jolla, CA; refs. 45, 46) . Cells were seeded in 96-well plates and transfected with the IMO (100 nmol/L) or the control IMO (100 nmol/L) for 24 hours, and then BrdUrd was added to the medium 10 hours before treatment termination. The level of BrdUrd incorporated into cells was quantified by anti-BrdUrd antibody, and absorbance was measured at dual wavelengths (450/540 nm).
Data and Statistical Analysis
The antitumor activity (as measured by differences in tumor mass) was expressed as mean and SD values. The significance of differences was analyzed by ANOVA or Student's t test as appropriate.
Results
The IMO Is Distributed to VariousTissues The tissue distribution of the IMO administered by different routes in mice was first evaluated in normal CD-1 mice. The animals were given 35 S-IMO at a single dose of 2 mg/kg (2 ACi/mouse) by various routes, s.c., i.v., i.p., and p.o., and the IMO concentration in blood and tissue samples was quantified by measuring 35 S-derived radioactivity. There are significant differences in tissue uptake of IMO following various routes of administration ( Fig. 1, P < 0.001 ). At the test dose level, the IMO was detectable in various tissues at 1 hour (Fig. 1A) after administration, 4 hours (Fig. 1B) after, and up to 24 hours (Fig. 1C) after administration, indicating the prolonged circulation and retention of the IMO. After administration by i.v., i.p., and s.c. routes, the highest IMO levels were seen in liver, kidney, and spleen, with modest levels in lung and heart. Although i.v. injection resulted in a higher concentration at 1 hour after dosing, comparable concentrations were seen for all the routes. Interestingly, the IMO was detected in all test tissues (nongastrointestinal tract tissues) at all time points after p.o. administration, indicating that the IMO was p.o. bioavailable (Fig. 1) . Of note, the pattern of tissue distribution after p.o. administration was different from other routes, more evenly distributed in the various tissues.
The IMO IsTaken Up byTumorTissues The tissue distribution pattern after i.v. and s.c. administration was further compared in nude mice bearing MCF7 xenograft tumors. The tumor-bearing mice were administered the same dose of 35 S-IMO by s.c. and i.v. injection. Both routes of administration showed similar tissue distribution of the IMO both 1 hour ( Fig. 2A ) and 24 hours (Fig. 2B) after administration. Interestingly, the s.c. administration route increased the concentration of IMO within the tumor compared with i.v. administration. Because s.c. administration provided a favorable tissue distribution pattern, prolonged retention time, and a high concentration of the IMO within the tumor, we used this route of administration in subsequent in vivo efficacy studies.
The IMO Has Activity against Human Breast Cancer in Xenograft Models
We generated two xenograft models of human breast cancer to test the IMO. Both the MCF7 and BT474 xenograft tumors showed decreased growth following administration of the IMO. In the MCF7 model, tumor growth was inhibited by 40% on day 18 (P < 0.05; Fig. 2C ) in animals receiving IMO treatment at the low (0.5 mg/kg) dose level. The control oligonucleotide had no effect on tumor growth (Fig. 2C) . In the BT474 model, tumor growth on day 70 in the IMO-treated (1 mg/kg) animals was inhibited by 67% compared with the saline-treated controls (P < 0.05; Fig. 3A) . The control oligonucleotide showed a lesser Fig. 2C ) was used than the 1.0 mg/kg IMO used in the BT474 model (Fig. 3A) . This suggests that even low doses of the IMO can bring about an antitumor response.
The IMO Enhances the Efficacy of the Anticancer Antibody Herceptin
Combining the IMO with Herceptin to treat mice bearing BT474 breast cancer xenograft tumors led to a significant inhibition of tumor growth (Fig. 3B) . On day 70, the mean tumor size of the animals treated with both Herceptin and the IMO was 3.5% of that of the control animals treated with saline, whereas the mean tumor sizes for animals treated with the IMO or Herceptin alone were 21% and 36% of that of the control, respectively (P < 0.01; Fig. 3B ). This represents a 6-to 10-fold increase in therapeutic effectiveness. Combination with the IMO did not change the toxicity profile of Herceptin (data not shown).
The IMO Has Antitumor Activity against Murine Syngeneic Graft Tumors
Xenograft models are frequently used to evaluate new anticancer agents, and the IMO is effective in both human and murine systems (34) . To study the effects of the IMO in immunocompetent mice, we used the 4T1 syngeneic tumor model to verify the effects of the IMO seen in xenograft models. Mice bearing 4T1 tumors were treated with 1 mg/kg of the IMO or control oligonucleotide. Compared with the saline control group, the IMO inhibited tumor growth (Fig. 4) . The IMO inhibited growth by 45% on day 18, whereas the control oligonucleotide inhibited tumor growth by 28% (P < 0.05). This shows that the IMO is effective in both nude and wild-type mouse models.
The IMO Decreases Cell Survival and Proliferation, and Increases Apoptosis in Human Breast Cancer Cell Lines
To determine whether the IMO has effects against breast cancer cells in vitro, cells were treated with the IMO or the control oligonucleotide and evaluated for cell survival, proliferation, and apoptosis. After transfection with Lipofectin, the IMO decreased the survival of MCF-7 and MDA-MB-468 cells by 60% and 46%, respectively (P < 0.01 and P < 0.05; Fig. 5A and D) . IMO treatment also led to an increase in apoptosis in both cell lines, resulting in a >50% increase in apoptosis in the MCF-7 line (P < 0.01; Fig. 5B) , and a >20% increase in the MDA-MB-468 cell line (P < 0.05; Fig. 5E ). IMO treatment also decreased the proliferation of MCF-7 cells (P < 0.05; Fig. 5C ). The MDA-MB-468 cells were less sensitive to the IMO (Fig. 5F ). In both cell lines, the control oligonucleotide had little effect on cell survival, apoptosis, and proliferation than the IMO. Of note, with respect to induction of apoptosis ( Fig. 5B and E) , the IMO had no effects when cells were exposed to the IMO without Lipofectin in both cell lines (P < 0.05). In cell proliferation assays, although both cell lines still showed a small effect when exposed to the IMO alone, the effect was increased in the presence of Lipofectin (P < 0.05; Fig. 5C and F) . Similar potentially nonspecific effects have been reported with Lipofectamine and other lipid agents with CpG and non-CpG oligonucleotides.
Discussion
Significant progress has been made in the design and development of TLR9 agonists in recent years. With increased understanding of the localization, signaling, and structure of TLR9 (47 -49) , designing better agonists and more effectively administering these agents to cell cultures, animal models, and human patients had become possible. As part of this progress, novel TLR9 agonists containing synthetic dinucleotides and altered backbone structures (including a 3 ¶-3 ¶-linked structure) have been designed (32, 33, 35, 43) . These IMOs have been shown to be more stable and induce a distinct immune response compared to traditional linear CpG oligos (33 -36, 43) . This second generation of TLR9 agonists has the potential to treat an astonishing range of human diseases, including infections, asthma, allergies, and cancer (33, 37, 50 -54) .
For various reasons, including the heterogeneity of tumors and the previous lack of knowledge about specific molecular targets, cytotoxic chemotherapy has remained a staple for the treatment of breast and other cancers since the introduction of 5-fluorouracil more than half a century ago. There have been recent additions to the arsenal being used to treat breast cancer, including antibodies and smallmolecule inhibitors of specific receptors; however, there has not yet been a significant decrease in the incidence or mortality of the disease. Immunotherapy may be able to fill the gaps left by the current therapeutic options. Although they cause specific antitumor effects, IMOs do not rely on specific gene products, or on the tissue type, to bring about antitumor effects. Activation of TLRs has shown potential for cancer treatment. For example, Aldara, a small molecule agonist of TLR7 has been approved for treatment of basal cell carcinoma. It is known that IMOs induce innate and adaptive immune responses through TLR9 activation, leading to various antitumor effects (38, 39, 52, 53) . TLR9 agonism has also been suggested to have a number of effects on the tumor microenvironment and on signaling between the tumor, the immune system, and various other cells (13, 53, 54) . In fact, TLR9 stimulation has been shown to decrease epidermal growth factor receptor signaling and angiogenesis (54) . There is increasing evidence that TLR9 expression is not confined to immune cells (55 -57) . These studies suggest a role for TLR9 in tumor cells. TLR2 agonism has been shown to increase apoptosis; a similar effect may occur upon TLR9 stimulation (58). Although we have seen an increase in apoptosis in vitro when the IMO was administered with Lipofectin, the effects of TLR9 agonism on in vivo tumors remain to be examined. Many of the effects described could lead to tumor growth inhibition and/or mediate destruction of both the primary tumor and distant metastases.
Although IMOs have already been shown to stimulate the immune system, detailed studies of their pharmacokinetics have not previously been accomplished. As part of this study, we evaluated the tissue distribution of the IMO administered by various routes. We found that the IMO was widely distributed to a number of tissues, with the highest concentrations reaching the liver, kidneys, and spleen. The four main routes of administration (s.c., i.v., i.p., and p.o.) were evaluated, and all routes led to a similar distribution of the IMO. Additionally, we examined the distribution of the IMO to tissues in animals bearing MCF-7 xenograft tumors. We found that the IMO was again distributed to various tissues as well as to the tumor, with the s.c. route giving a high concentration of the IMO even 24 hours after administration, providing a basis for further efficacy testing in vivo, including other animal models and human clinical trials. In addition, the p.o. bioavailability of the IMO provides a new avenue for the development of IMOs as p.o. therapeutic agents. The results with p.o. administration are in agreement with previous studies of antisense oligonucleotides (44, 59 ) that show that antisense oligonucleotides with advanced chemistry can be absorbed and exert antitumor activity after p.o. administration. Although we cannot discount the possibility that some of the radioactivity detected may be associated with products of metabolism, based on our previous studies with 35 S-labeled oligonucleotides, it is unlikely that free 35 S was taken up by the tumor and tissues. Further, IMOs have previously been shown to be stable for up to 48 hours in cell culture (with serum; ref. 43 ). Therefore, due to the fact that most oligonucleotides are degraded from the 3 ¶ end and that the novel IMO has a 3 ¶-3 ¶ linker, preventing extensive degradation by nucleases, and that the IMO is labeled on its 5 ¶ end (which is the last part of the molecule to be degraded; ref. 43) , it is most likely that the 35 S-labeled molecule detected was the IMO.
We evaluated the IMO in two xenograft models of human breast cancer and a syngeneic model of murine mammary cancer. Although nude mouse xenograft models are widely accepted for studying cancer therapeutic molecules, we examined the effects of the IMO in a syngeneic model to study the antitumor effect in mice with a normal immune system. Additionally, it could be suggested that nude mouse models do not represent an appropriate model for studying an immunotherapeutic molecule due to their immunocompromised state. This could lead to underestimation of the effects of the IMO. However, we and others have previously studied the effects of IMOs and immunostimulatory oligonucleotides in nude mice, and have observed potent antitumor effects. This may be due to the fact that nude mice do still possess macrophages, B cells and natural killer cells. Both B cells and natural killer cells are known to express TLR9 (38) .
In the present study, we also showed that the IMO decreases cell survival and proliferation, and increases apoptosis in breast cancer cell lines in vitro. However, these effects were only observed when the cells were transfected with Lipofectin (to facilitate internalization of the IMO). It has been suggested that TLR9 is located intracellularly, setting it apart from other TLRs, which are usually located on the cell surface. Our data support the notion that IMO recognition by and interaction with TLR9 are most likely to occur inside the cell. Although both cell lines responded to the IMO, they were not affected equally. It is not clear what mechanism(s) are responsible for the differences of MCF-7 and MDA-MB-468 cells. Both of the cell lines express similar levels of TLR9. 5 There are a few major differences in the genetic background of the two cell lines, including p53 status and estrogen receptora status, there may also be differences in the expression of required downstream signaling molecules, such as MyD88. The role of both of these molecules in IMOmediated cell growth inhibition and induction of apoptosis should be further examined in future investigations. Additionally, although Lipofectin is necessary for there to be significant effects in vitro, the IMO can be effective in vivo when administered without any delivery system. The mechanism by which internalization occurs in vivo is still unknown, but a similar effect is seen when antisense oligonucleotides are used (60) .
Demonstrating the broad applicability of the IMO, we noted that the IMO was effective in models of breast cancer with different genetic backgrounds. The IMO showed potent anti -breast cancer effects in vitro and in vivo against estrogen receptor -positive (MCF-7) and estrogen receptor -negative (BT4747, MDA-MB-468) cells 5 H. Wang et al., unpublished data. and tumors, against ErbB2-overexpressing (BT474) and ErbB2-negative (MCF-7, MDA-MB-468) cells and tumors, and against p53 wild-type (MCF-7) and mutant (BT4747, MDA-MB-468) tumors, as well as against both xenograft and syngeneic (4T1) tumors. These data suggest that although there were differences in the responsiveness of different cancer cell lines, the IMO is still effective against a variety of tumors with different genetic backgrounds.
Most cancer therapy now relies on a combination of agents, so we also evaluated the IMO in combination with Herceptin (trastuzumab), targeting ErbB2, which is overexpressed in f30% of breast cancers (61) . Herceptin is thought to work by decreasing expression of the receptor (thereby decreasing growth), by down-regulation of angiogenic factors, and by antibody-dependent cell cytotoxicity (62) . Because the IMO stimulates the innate immune system, it is logical that it may also increase the efficacy of antibodies by increasing the likelihood that the antibody complexes will be recognized by the host immune system. We noted significant tumor growth inhibition and a 6-to 10-fold increase in the therapeutic efficacy of Herceptin, with no change in the toxicity of either agent. This increase in efficacy could be due to increased immune system recognition of the tumor, by antibody-dependent cell cytotoxicity, or by other pathways, such as inhibition of angiogenesis. Combining the IMO with other antibodies, chemotherapy or radiation therapy would also likely lead to an increase in the therapeutic efficacy of these agents. In addition to the effects mentioned above, combining the IMO with other therapeutic modalities could lead to other antitumor effects. Future studies will examine both combining the IMO with other therapeutic modalities and the mechanism(s) responsible for any resulting antitumor effects. We also did not examine the different supporting structures or substructures of breast tumors in the present study. Given the importance of these structures (particularly the stroma) for breast cancer, it may be of interest for future studies to examine whether there are differences in stromal/epithelial signaling following treatment with the IMO, or to determine whether there are differences in the uptake or effects of the IMO.
In conclusion, this is the first comprehensive report of the tissue distribution of the IMO following administration by various routes. The IMO led to strong anticancer effects and potentiated the effects of an anticancer antibody. These results indicate that the IMO would be an effective candidate for clinical use against breast cancer either alone or in combination with other agents.
